Some studies of the effects of hyperthermia on the brain reported that cerebral blood flow (CBF) is increased2-9), while others report that it is not7)8); no definitive evidence has yet been obtained. Brain metabolism has been evaluated according to brain tissue pH, and the oxygen pressure in brain surface tissue6) , but no study has been based on cerebral oxygen consumption.
Ther is a need for further research on brain electrophysiological activity.
Therefore, the effect of systemic hyperthermia on the brain was assessed by evaluating CBF, intracranial pressure (ICP) , cerebral oxygen consumption, and the concentrations of glucose, lactic acid, and super oxide dismutase (SOD) in the cerebral venous sinus blood of dogs during hyperthermia. Auditory brain stem response (ABR) and auditory evoked middle latency response (MLR) were also assessed as indices of cerebral electrophysiological activity.
I . Materials and Methods
This experiment was performed in accordance with the guidelines for animal experiments of Oita Medical University and the study protocol was approved by the animal care committee of this university.
Materials
Thirty mongrel dogs, 10 to 15kg, was assigned to three groups of 10 animals each, viz., a CBF group, an ICP and brain metabolism group, and an ABR and MLR group.
Anesthesia
Animals in both the CBF and the ICP/brain metabolism group were given pentobarbital sodium, 25mg/kg i.v., and pancuronium bromide, 0.1 -0.2mg/kg i.v., to facilitate tracheal intubation. Continuous positive pressure ventilation was provide with an animal respirator (Aika model R-60, Aika, Tokyo, Japan) . Tidal volume was maintained at 12 -15ml/kg, and oxygen flow and respiratory rate were adjusted so that PaO2 was at least 100mmHg and PaCO2 was about 35mmHg. Anesthesia was maintained by continuous intravenous infusion of pentobarbital sodium, 1mg/kg/h, and supplemental pancuronium bromide.
Since both ABR9)10) and MLR11-13) are reportedly greatly influenced by intravenous and inhalation anesthetics, in the ABR-MLR group, anesthesia was induced with thiamylal sodium, ultrashort acting barbiturate, 5mg/kg i. v., and pancuronium bromide, 0.1mg/kg i. v.; artificial ventilation was provided in the same manner as in the other two groups.
Since opiates reportedly have little effect on ABR and MLR14), morphine HC1, lmg/kg i. v., was administered to maintain anesthesia.
Body temperature
Brain tissue temperature and blood temperature are reportedly well correlated3) Honda15) reported that pulmonary artery blood temperature was the most stable indicator of body temperature.
In the present study, brain temperature was evaluated via blood temperature.
A cathetertype thermometer probe (Nihon Kohden, Tokyo, Japan) was inserted into the left femoral vein as far as the inferior vena cava for measurement of blood temperature.
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Cerebral blood flow
In the CBF group, electromagnetic flow probes were attached to the left internal carotid artery and the left vertebral artery for measuring internal carotid artery blood flow (CABF) and vertebral artery blood flow (VABF) , respectively. At a site approximately 1.5cm lateral to the midline on a line connecting the external acoustic meatus of each side, a 2-mm-long platinum electrode was inserted into the cerebral cortex and a laser Doppler blood flowmeter probe was attached to the surface of the cerebrum. They were connected to a hydrogen clearance blood flowmeter (Model UPS 400, Unique Medical, Tokyo, Japan) and a laser Doppler blood flowmeter (ALF21, Advance, Tokyo, Japan) , respectively, for measurement of cortical blood flow. An 8-mm-long platinum electrode was inserted into the white matter at the same place for measurement of subcortical blood flow.
Intracranial pressure
In the ICP/brain metabolism group, at the same site as in the CBF group, an intracranial pressure measurement catheter (Model TM-200T, Nihon Kohden, Tokyo, Japan) was inserted into the extradural space and ICP was monitored continuously.
Cerebral metabolic activity
Oxygen content (CaO2) was measured in femoral artery blood. Retroglenoidal venous blood (from a branch of the external maxillary vein) was deawn from the cerebral venous sinuses for measurement of cerebral venous blood oxygen content (CcvO2) . The rate of cerebral oxygen uptake was calculated from CaO2 and CcvO2 values.
A hemoximeter (OSM3, Radiometer, Copenhagen, Denmark) was used to measure the oxygen content of arterial and venous blood. Blood glucose concentration (arterial blood glucose: Gla; cerebral venous sinus blood glucose: Glv) , lactic acid concentration (arterial blood lactic acid: La; cerebral venous sinus blood lactic acid: Lv) and SOD (arterial blood SOD: Sa; cerebral venous sinus blood SOD: Sv) in arterial blood and cerebral venous sinus blood were also measured, and SOD in cerebrospinal fluid (Sf) was also measured.
The rates of cerebral glucose uptake (Glu-R) , cerebral lactic acid uptake (Lac-R) , and cerebral SOD production (SOD-R) were calculated from the following formulas:
The electrode method was used for measuring blood glucose concentration, the enzymatic method was used for measuring lactic acid concentration, and the NBT (nitro blue tetrazolium) reduction method which was reported by Oberley et al.' was used for measuring SOD. 
